We investigated the clinicopathological features and evaluated the prognostic impact of age and sex on patients with gastric cancer.
were significantly different between the young and older groups. In male patients, the 10-year survival rate of the young group was higher (62.5%) than that of the older group (44.6%) (P = .03). Although it was not statistically significant, the survival rate of the older female group was higher than that of the young group (56.2% vs 51.9%). On multivariate analysis, tumor stage (P Ͻ .001) and sex (P =.042) were proved to be independent prognostic factors.
Conclusions: Only tumor differentiation was an important difference between the 2 age groups, and prognosis was not affected by age. However, when sex was added to age as a factor, the older male and young female groups had an unfavorable prognosis. Therefore, we propose that sex hormones such as estrogens contribute to the survival differences, and further studies are needed to confirm this possibility.
Arch Surg. 2008; 143(11) :1062-1067 G ASTRIC CARCINOMA IS usually a disease of the aged, with a mean age of approximately 50 to 60 years 1 ; patients younger than 40 years represent 2% to 8% of all patients with gastric carcinoma. 2 The question of whether gastric carcinoma in young patients is different from that in older patient has been raised but remains unresolved. Some authors have suggested that young patients have a worse prognosis, and this is thought to be due to delayed diagnosis and more aggressive tumor behavior. Others have shown that age is not an independent factor for survival. [3] [4] [5] [6] [7] [8] Recently, the prognostic effect of sex hormones in the development of gastric carcinoma has been studied, 9 and the presence of estrogen receptors has been shown to be associated with poor survival in young patients with gastric carcinoma. 10, 11 In other reports, the presence of androgen receptors was found to be an independent unfavorable prognostic factor in gastric cancer. 12 Therefore, the relationship between sex hormones and the prognosis of gastric cancer remains unclear.
Although there is a difference according to sex, the status of sex hormones is dependent on age. Thus, both age and sex should simultaneously be considered to precisely evaluate the impact of sex hormones on the prognosis of gastric cancer. Therefore, in this study, we retrospectively analyzed the clinical and pathological See Invited Critique at end of article factors for young patients with gastric cancer and compared the findings with those of their counterparts according to sex.
METHODS
From January 1, 1993, to December 31, 2000, a total of 1299 patients with gastric carcinoma underwent surgery at the Department of Surgery, Korea University Medical Center. Of these patients, 175 were 40 years or younger, and they were classified as the young group; the remaining 1124 patients were classified as the older group. We then compared the clinical and pathological features between the young group and the older group according to sex. The features compared were operative method (gastric resection, gastrojejunal bypass, and no surgical procedure [opening and closure]), tumor location, histologic differentiation, curability, depth of invasion, lymph node metastasis, and TNM stage.
A survival analysis was performed, and the 10-year survival rate was compared according to age and sex. Finally, we performed multivariate analysis to determine the independent prognostic factors by Cox proportional hazards regression model.
For the statistical analysis, SPSS 13.0 for Windows (SPSS Inc, Chicago, Illinois) was used. The clinical variables were analyzed with the 2 test and the independent paired t test. The survival rates were calculated by the Kaplan-Meier method, and outcomes of treatment were compared with the log-rank test. PϽ.05 was considered statistically significant.
RESULTS

DEMOGRAPHIC CHARACTERISTICS
Of 1299 patients, 175 (13.5%) (100 male [7 [27.6%] ) were classified as the older group, and the male to female ratio was 2.13. In total, 865 (66.6%) were male and 434 (33.4%) were female, and the sex ratio was 1.99.
CLINICAL AND PATHOLOGICAL FINDINGS IN THE YOUNG GROUP
For both sexes, the young group had more undifferentiated tumors (63.0% in males and 93.3% in females) than the older group (40.1% in males and 58.2% in females), and this difference was statistically significant (PϽ.001) ( Table 1) . For male patients, the histologic differentiation was the only statistically significant factor (PϽ.001). For females, both histologic differentiation and operative methods were significantly different between the young and the older groups (P Ͻ.001 and P=.008, respectively). For female patients, no surgical procedure (opening and closure) was performed in 8 patients (10.7%) in the young group and 11 patients (3.1%) in the older group because of multiple seeding of the peritoneum.
Other variables, such as tumor location, curability, depth of invasion, lymph node metastasis, and overall TNM stage, were not statistically significantly different between the 2 groups for either sex (Table 1) .
SURVIVAL ANALYSIS
When the 10-year survival rate was compared between the 2 age groups in all patients, the young group showed a better overall survival than the older group; however, this difference was not statistically significant (P=.10). When the 10-year survival rate was compared between sexes, female patients showed a better survival rate than males, but this difference was not statistically significant (P=.08). When all patients were divided into 4 groups according to age and sex and the 10-year survival rates were compared, for male patients the overall 10-year survival rate was best for the young male group (62.5%) and worst for the older males (44.6%), and this difference was statistically significant (P = .03) (Figure 1 ). In contrast, however, the survival rate for female patients in the older group was higher than that of the young group, but this difference was not statistically significant (56.2% vs 51.9%; P =.33) (Figure 2) .
When the survival rates of patients who underwent curative resection were compared, there was a significant difference between the young male and older male patients in favor of the young group (P=.03) (Figure 3) . However, the survival result was reversed between the older and young female patients, although the difference was not significant (P =.30) (Figure 4) .
On univariate survival analysis, the statistically significant prognostic factors were sex, age, tumor differentiation, and cancer stage. By Cox proportional hazards model, cancer stage and sex were proved to be statistically significant ( Table 2) .
COMMENT
Surgery is the only potentially curative modality for patients with localized gastric tumors, and it has been shown that curative resection offers the only chance of longterm survival in patients with this disease. 1, 13 In this study, we performed curative resection in 82% of the patients in the young group and in 79% of the patients in the older group; however, this difference was not statistically significant.
A comparative study in Japan demonstrated different features of gastric cancer between patients younger than 40 years and patients older than 70 years. 13 In our study, we chose 40 years of age as the cutoff between the young and older groups. Generally, the average perimenopausal age range is 45 to 55 years. In our analyses, the average age of the young female group was about 34 years and that of the older group was 59 years. This suggests the possibility of sex hormone differences between the 2 age groups in our study. Also, we performed additional survival analyses by moving the cutoff age by 10 years, but there were no survival differences or other relevant findings, so we kept the cutoff value at 40 years in our study.
Earlier reports showed a higher incidence of gastric cancer in males and in patients with advanced age but a higher proportion of females among younger patients than older patients. Our study supports this finding of a relatively higher proportion of female patients in the young group. 4, 7, [14] [15] [16] In our series, the male to female ratio for all patients 40 years or younger was 1.33, and it was 2.13 for the remaining patients. The reason for this high number of female patients in the young group is not known. Nevertheless, male patients might have more frequent and prolonged exposure to environmental carcinogens than females, which might explain the male preponderance among the older patients. 17 In the present study, comparison of histologic differentiation showed that the young group had more poorly differentiated tumor types in both sexes, this finding being in agreement with studies by several other groups.
2,4,15,18
Nakamura et al 15 analyzed the pathological findings and prognosis of gastric carcinoma in young and elderly patients and found that 45.5% of early gastric carcinomas in elderly patients were well-differentiated adenocarcinomas, whereas a greater incidence of poorly differentiated adenocarcinoma was identified in the young patients. In agreement with other studies, young age at onset of gastric cancer appears to be associated with the diffuse type by the Lauren classification. 4, 19 In our study, we could not comment on the Lauren classification; nevertheless, our findings suggest that the diffuse type would be more prominent in young patients with gastric cancer. Earlier reports showed that the prognosis of patients with early onset of gastric carcinoma was poor, with a short survival potential, especially in patients who presented with advanced gastric carcinoma. 15, 20, 21 Delay in diagnosis and more aggressive biological behavior of gastric carcinoma in young patients have been suggested as possible causes of the poor prognosis. [6] [7] [8] In a few reports, however, the prognosis of patients with early-onset gastric cancer who underwent gastrectomy was better than that of older patients. 22, 23 In our cases, the 10-year survival rates were 58.1% in the young group and 48.1% in the older group. When curative resection was performed, the 10-year survival rates were 64.8% and 53.2% in the young and older groups, respectively. Therefore, the survival for the young patients with gastric cancer in our study was superior to that of the older group; however, these differences were not statistically significant. Although we did not match the survival outcome with the stage of disease, the findings indicate better outcome with surgical resection in younger patients with gastric cancer. By contrast, recent reports show no difference in surgical outcomes between older and younger patients with gastric cancer [2] [3] [4] [5] 21 ; therefore, age does not appear to be an independent risk factor. However, when the survival was analyzed between the age groups by sex, we found that the young group had a better survival outcome for males and the older group had a better survival outcome for females. Yamachika et al 24 reported that expression of the intestinal trefoil factor was correlated with a poor prognosis in patients with gastric cancer. Intestinal trefoil factor expression appears to be induced by estrogens in breast cancer cells. 25 Although women are more likely to express intestinal trefoil factor, its expression in men has also been correlated with more aggressive tumor phenotype and significantly poorer survival. Furthermore, some studies have reported pregnancy as a poor prognostic factor for patients with gastric cancer. 26, 27 Hormonal differences, therefore, appeared to be an important factor for prognosis in patients with gastric cancer. Harrison et al 28 proposed that estradiol is trophic to gastric cancer cell lines in in vitro experiments and suggested that the estradiol receptor D5 antibody could be an independent negative prognostic factor for patients with gastric cancer. 11 Matsui et al 10 immunohistologically investigated sex hormone receptors in 107 patients with gastric cancer who underwent curative resection and found that the estrogen receptor-positive rate was slightly higher in young females and in patients with poorly differentiated gastric cancer. Others proposed a suppressive effect of sex hormones on the spreading of stomach cancer; Furukawa et al 26 suggested that female sex hormones or their analogues may play a suppressive role in carcinogenesis or progression of stomach cancer, and that pregnancy and delivery may accelerate growth of stomach cancer cells. In a 2004 report, Lindblad et al 29 proposed a reduced risk of gastric cancer in a male cohort exposed to estrogens, thus supporting the hypothesis that estrogens may play a preventive role in gastric cancer. The foregoing studies strongly suggest that sex hormones, especially estrogens, affect the invasiveness and progression of gastric cancer, and that our results are consistent with these findings. In multivariate analyses, the independent prognostic survival factor was sex. Also, the survival shown in this study was not diseaseadjusted but overall survival. Therefore, we hypothesized that the survival difference in male patients is due to the impact of age, but in female patients it may be due to a hormonal effect.
In Korea, gastric cancer is a leading cause of cancerrelated death, and several studies have shown epidemiologic factors associated with the prognosis of gastric cancer, especially in regard to age. Our surgical outcomes for gastric cancer may reflect those of other cancer treatment institutions in Korea because of the large number of cases (1299) and the long-term follow-up period of approximately 10 years.
CONCLUSIONS
In this study, we performed comparative and survival analyses of the prognostic effect of age and sex, and the present findings strongly suggest that a single age factor does not appear to be meaningful for epidemiologic evaluation of gastric carcinomas in regard to prognosis.
When the clinical and pathological factors were compared between young and older patients with gastric cancer, tumor differentiation was the only significant factor. The prognosis for patients with gastric cancer was the best for the young male group and the poorest in the older male group. For female patients with gastric cancer, the prognosis for the older group was better than that for the young group. There may be important hormonal influences on the prognosis of gastric cancer, and further investigation is needed for a deeper understanding of hormonal influences on gastric cancer.
INVITED CRITIQUE
R
etrospective analyses of single-center patient data sets serve really only 1 purpose: to generate hypotheses for prospective studies. By convention, the hypotheses are generated from the statistically significant differences found in the retrospective analysis. In this analysis of nearly 1300 patients with gastric cancer treated in 1 university setting in Korea, the authors have taken a nonsignificant finding (that overall survival of young women is lower than that of older women, with a P value of .33) and generated a hypothesis that sex hormones such as estrogens contribute to the survival differences. While it is possible that there is a real difference in survival but it was not significant because of small sample size (type II error), there are also many other potential confounders, not the least of which are the lack of objective data concerning the hormonal status of the women and the lack of any numeric difference when the age break point was moved 10 years up. The analysis was based on overall survival, not diseasespecific survival. If based on the latter, would the significant survival advantage of young men disappear (ie, are the older men dying of other causes)? The administration of adjuvant chemotherapy was not part of the analysis. Perhaps there are some biases within the institution beyond pathological stage that influence the administration of such depending on age and functional status of the patients or the patient's fertility concerns.
The perceived interaction of age and sex, if used to generate hypotheses, should generate more than one. Two alternate hypotheses could include the balance of sex hormones that influences survival (less testosterone in the older male patients), or interaction of age and functional status that drives adjuvant therapy decision making. Given the data presented, there is a need for a larger, multicenter analysis before generating the hypotheses that would be worthy of prospective evaluation.
